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Attention-deficit hyperactivity disorder (ADHD) is one of the most common
neurodevelopmental disorders in children and adolescents. People who have this disorder
are characterized by presenting difficulties in the processes of sustained attention, being
very active, and having poor control of their impulses. Despite the high prevalence of this
disorder and the existence of various tests used for its diagnosis, few data are available
regarding the usefulness and diagnostic validity of these tools. Given the difficulties that
these subjects present in executive functions, the aim of this study was to evaluate whether
the Neuropsychological Assessment of Executive Functions battery for Children (ENFEN,
for its acronym in Spanish, Portellano et al., 2009) allows to establish specific profiles of
executive performance for people with attention-deficit hyperactivity disorder (ADHD).
The sample was made up of 197 participants of both sexes, aged between 6 and 12 years
age (134 with a clinical diagnosis and 63 without pathology). A nonexperimental design
was followed, using a comparative descriptive study method. The results indicated that
the scales of phonological fluency, color path, rings, and interference are the most
associated with the diagnosis of ADHD, providing data on inhibition, mental flexibility,
sustained and selective attention, planning, verbal fluency, and working memory, among
others. The practical implication of these results is in line with providing support in the
clinical diagnosis that is carried out in children’s mental health units. In addition, the ENFEN
tool can be valued as a suitable psychometric instrument in the psychoeducational field,
helping professionals in a school environment to be more aware of the areas of cognitive
development in which a student diagnosed with ADHD will have more difficulties and, in
doing so, providing more adjusted and effective psychopedagogical measures when it
comes to supporting students in their adaptation to the school environment.
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INTRODUCTION

The term executive functions (EFs, hereinafter) is a relatively
recent construct, developing its object of study in areas of
knowledge such as neuroscience, neuropsychology, or psychiatry.
In recent decades, these disciplines have undergone considerable
evolution due to the development of successive theoretical
models from cognitive psychology, as well as the advances
made in regard to studying brain activity (Feinberg and Farah,
1997). This fact has favored the growing interest in the
understanding of these mental capacities, as well as in the
study of their neuroanatomical bases (Tirapu et al., 2002).
Over the past decades of research, EFs have been linked to
the frontal lobes, and their dysfunction, to frontal lobe syndrome
(Bausela-Herreras et al., 2019). The prefrontal cortex constitutes
the part of the human being that differentiates us most from
other species, being the brain region with more recent
phylogenetic and ontogenetic development and playing a
fundamental role in complex and evolved cognitive functions
(creativity, social behavior, decision making, moral judgment,
etc.; Goldman, 1984; Price et al,, 1990; Pelegrin and Tirapu,
1995; Fuster, 1997).

In 1980, Luria proposed three functional units in the human
brain: (a) alertness/motivation, (b) reception/processing/storage
of information, and (c) programming/control/verification of
brain activity (this third function would depend directly on
areas of the prefrontal cortex and would play an executive
role; (Ardilla and Ostrosky, 2008). However, it was Lezak who
would use the term for the first time in 1982, when referring
to the mental capacities necessary to carry out an effective,
creative, and socially accepted behavior, needing four main
components: formulation of goals, planning of actions and
sequences to achieve a goal, development of planned actions
and execution, and monitoring and correction of behaviors
(Luria, 1980; Lezak, 1982).

Tirapu et al. (2002), with the aim of elaborating and integrating
proposal that gathered the foundations of EFs, carried out an
excellent work combining elements from Baddeley’s working
memory (WM, hereinafter) models, the hierarchical functions
of Stuss and Benson, the supervisory attentional system (SAS,
hereinafter) from Shallice, and the somatic marker hypothesis
of Damasio. WM is related to sensory and perceptual components;
and in the face of novel actions in which there is no known
solution and decisions need to be made, it requires the
participation of the SAS to kick-start anticipation, planning,
and control processes. Therefore, the cognitive and behavioral
responses in this type of situation are not automatic or overlearned
but configured based on the analysis that the person carries
out regarding the consequences of their own actions. In all
of this, the somatic marker forces the attention and WM of
the individual towards the possible effects, both positive and
negative, of such non-automatic actions. This model proposes
that EFs constitute an “extended system,” where the SAS and
WM  operate with the available information to generate
alternatives, while the somatic marker forces the cognitive
resources (attention and WM) towards one alternative (the
most adaptive), based on previous representations of positive

and negative states, generating successive approximations
(in neural terms) through processes of anticipation, selection
of objectives, planning, and control.

At present, EFs are usually defined as high-level cognitive
functions that are oriented to problem solving, goal planning,
and the achievement of complex objectives, in the face of novel
and nonroutine situations that involve adaptive responses (Lavigne,
2009; Lavigne and Romero, 2010a). However, there is no
consensus when delimiting their nuclear dimensions, which
complicates its operationalization (Lavigne, 2009; Bausela-Herreras
et al.,, 2019).

There are numerous neurological pathologies and mental
disorders in which damage to components of executive
functioning has been described (Tirapu et al, 2002).
Specifically, Artigas (2011) refers to neurodevelopmental
disorders (American Psychiatric Association, 2013) as delays
in the development of EFs linked to the maturation of the
central nervous system, which starts in childhood and follows
a stable evolutionary course. These disorders do not present
biological markers for their detection, with comorbidity
being the most frequent form of presentation and limits
between them possibly being imperceptible (Gupta and Kar,
2010; Bausela-Herreras et al.,, 2019). There are various
neurodevelopmental disorders that, despite being independent
diagnostic entities, share common manifestations regarding
alterations in EF: attention-deficit hyperactivity disorder
(ADHD), autism spectrum disorder (ASD), specific learning
disorder, language disorders, or behavioral disorders, among
others (Henry et al., 2015; Craig et al., 2016; Huang et al., 2016;
Shuai et al., 2017).

Lavigne and Romero (2010b) elaborate an operative and
explanatory definition of executive functioning from an ADHD
brain dysfunction point-of-view. They start by defining the
executive system (ES) as an information processing system
integrated by anatomical and psychological components on
which the EFs depend. The structural components refer to
central nervous system areas, mainly frontal lobes, as well
as to the cerebellum and other subcortical structures (basal
ganglia, limbic system, and amygdala) and to the neural
circuits that innervate the connections between them (Barkley,
1997, 2006a,b, 2009; Fuster, 1997; Frazer et al., 1999; Pineda,
2000; Bradley and Golden, 2001; Brown, 2003; Goldberg, 2004;
Martin et al., 2008). WM and its relationship with the anterior
attention system, language and its internalization, socio-
emotional self-regulation (Sanchez et al, 2019), and the
processes of analysis and synthesis constitute the central
psychological processes in the ES of people with ADHD. The
EFs (planning, organization, self-monitoring, cognitive
flexibility, persistence, and evaluation) depend directly on
such structures and processes and exercise a conscious, voluntary,
and final control over human behavior. There is a certain
consensus in researchers who study the EFs and their relationship
with ADHD regarding the central role they play in cognitive
and behavioral control, as well as in the anatomical bases and
psychological processes on which they depend (Gupta et al,
2006; Gupta and Kar, 2009; Lavigne, 2009; Lavigne and Romero,
2010b; Gupta et al., 2011; Tirapu et al, 2017). The effort of
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various authors to facilitate the understanding and functioning
of the ES is oriented, among other purposes, towards the
development of precise evaluation protocols and effective
stimulation programs that enhance the affected variables.

However, the evaluation of deficits in EFs is an especially
problematic process due to the fact that many batteries and
neuropsychological tests [Wisconsin Card Sorting Test (WCST),
Stroop, Trail Making Test, phonetic verbal fluency, etc.] show
sensitivity in identifying frontal dysfunctions and are unspecific
in measuring alterations in the ES. The validity of these batteries
in the evaluation and diagnosis process is diminished by the
lack of operability in the description of EFs and the structure
of the batteries themselves, as well as the artificiality of the
tests that compose them (Tirapu et al., 2002).

The broad spectrum of ADHD and its high comorbidity,
together with the difficulty in conceptualizing EFs, has created
the need to establish more precise diagnostic protocols. Abad-
Mas et al. (2017) point out the importance of carrying out a
complete neuropsychological evaluation of the superior brain
functions for an adequate definition and detection of the
disorder, considering the symptoms described in the DSM to
be imprecise for a formal diagnosis. Along these lines, studies
that define cognitive patterns in neurological disorders seem
to facilitate detection and discrimination between pathologies,
aiding in a reliable diagnosis and a choice of an appropriate
therapeutic treatment (Thaler et al.,, 2010; Kasper et al., 2012;
Mattison and Mayes, 2012; Qian et al., 2013; Fenollar et al., 2015).

With the objective of finding cognitive profiles that help
diagnose ADHD, Navarro et al. (2020), using the Wechsler
Intelligence Scale for Children IV Edition (WISC-IV), found
significant differences as compared with a control group in
the Cognitive Proficiency Index (CPI, hereinafter), while the
General Ability Index (GAI hereinafter) turned out to be similar
between both groups. Therefore, the scores obtained on the
WM and processing speed (PS) indices, which make up the
CPI, allowed for discriminating a cognitive phenotype of people
with the disorder (Devena and Watkins, 2012; Thaler et al.,
2013; Fenollar et al., 2015). Navarro et al. (2020) concluded
that a cognitive step could be found between GAI and CP],
not when low scores were obtained in WM or PS, but when
the subject achieved lower scores in these areas in comparison
with other indices.

On the other hand, Bausela-Herreras et al. (2019) observe
that in most of the studies carried out on people with ADHD,
deficits are found in aspects of executive functioning such as
inhibition, WM, cognitive flexibility, and planning. However,
in most of said studies, independent scales, long-term tests,
or tests that do not have their corresponding Spanish adaptation
are used. Furthermore, in the current literature, there is great
difficulty in finding instruments that can be applied to children,
with the majority being administered in adolescents or adult
population (Pefia-Casanova et al., 2012; Rognoni et al., 2013).

Therefore, EFs are mediated by the prefrontal cortex and
demand a higher and more complex cognitive-behavioral
requirement than is commonly needed to perform goal-orientated
behavior. One of the main problems that ADHD subjects present
is the difficulty in inhibitory control and the organization of

tasks that require a set of consecutive steps (Yasumura et al., 2019),
which leads to them showing deficiencies in EFs, the cognitive
aptitude that the ENFEN battery requires, in a greater or lesser
extent, in each subtest (Portellano et al., 2009). This instrument
allows to evaluate EFs and has been widely used in clinical
and school contexts, allowing the detection of possible
maturational delays or cognitive alterations derived from brain
damage or dysfunction, especially in prefrontal areas (Portellano,
2014; Navarro et al., 2019). The ENFEN has been used on
numerous occasions to assess the effects of an intervention
program (both in ADHD and other disorders or population
without pathology; Fernandez et al., 2013; Gallego et al., 2015);
however, whether a certain disorder can lead to the appearance
of a specific response profile has not been studied.

The diagnosis of ADHD is a complex process, with no
known biological markers and with the current psychometric
tools only providing rough information about the presence of
deficiencies in cognitive skills associated with ADHD. Therefore,
finding an effective tool to measure these symptoms or cognitive
skills is one of the most solid strategies in order to support
the diagnosis of the disorder. Traditionally, health professionals
have used instruments to measure frequency of appearance of
symptoms; however, it is becoming increasingly common to
find the use of tests that measure cognitive abilities related
to ADHD deficiencies.

Studies that have tried to establish possible cognitive patterns
to help the diagnosis of ADHD are scarce, most of them being
carried out with batteries that evaluate general cognitive aptitudes.
For this reason, the aim of the present study was to verify if
the ENFEN battery allows to establish specific executive
performance profiles for subjects with ADHD. The specific
objective consisted of studying the existence of differences between
the executive performance profiles measured with the ENFEN
battery, between a group of subjects with a normalized development
and two other groups of subjects with ADHD, one with a
manifest “cognitive step” and another in which the “cognitive
step” is nonexistent, understanding the concept “cognitive step”
as the unusual fluctuations, in comparison with oneself, in scores
on cognitive tests that require competence in skills usually affected
by ADHD such as EFs, WM, and speed of processing information
(Fenollar et al., 2015; Navarro et al., 2020).

MATERIALS AND METHODS

Participants
The sample was made up of 197 children, aged between 6
and 12 years (8.53 + 1.92), from six public schools (four from
Alicante and two from Malaga) and two charter schools (Malaga).
One group (n = 63, 8.78 + 1.93 years, 37 boys and 26 girls)
presented no pathology. Another group (n = 134,
8.41 + 1.92 years, 82 boys and 52 girls) was diagnosed with
ADHD, of which 72 (8.50 + 1.83 years, 43 boys and 29 girls)
had a “cognitive step” in the WISC-IV test and the rest did
not (n = 62, 831 + 2.02 years, 39 boys and 23 girls).

The inclusion criteria for the selection of the groups were
as follows:

Frontiers in Psychology | www.frontiersin.org

December 2020 | Volume 11 | Article 552322


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Navarro-Soria et al.

Detection of Executive Using ENFEN

Normotypic development group (NDG): (a) failure to meet
the ADHD diagnostic criteria according to the ADHD Rating
Scale DSM-IV and (b) presenting a general capacity index,
measured with IV version of Wechsler Intelligence Scale, greater
than 80 (Navarro et al., 2017, 2019).

ADHD group with a cognitive step: (a) presenting an ADHD
diagnosis taking into account the criteria of the ADHD Rating
Scale DSM-1V, (b) presenting a general capacity index, measured
with the IV version of Wechsler Intelligence Scale, greater
than 80 (Navarro et al, 2017, 2019), and (c) presence of a
“cognitive step” determined by a significant difference between
the scores for GAI and CPI. Following previously stated research,
the presence of this “cognitive step” indicates a higher degree
of ADHD, as well as more acute symptoms. For this reason,
we differentiate between subjects in the clinical group who
present higher or lower severity of symptoms.

ADHD group without a cognitive step: (a) presenting an
ADHD diagnosis taking into account the criteria of the ADHD
Rating Scale DSM-1V, (b) presenting a general capacity index,
measured with IV version of the Wechsler Intelligence Scale
greater than 80 (Navarro et al, 2017, 2019), and (c) absence
of a “cognitive step” determined by the difference between
scores on the GAI and the CPL

Instruments

ADHD Rating Scale DSM-IV (RS) Scale (DuPaul
et al., 1998)

This instrument evaluates, in family and school settings, the
dimensions of inattention and impulsiveness/hyperactivity by
analyzing the frequency of appearance of nine symptoms in
each domain. The Spanish adaptation of this scale was used
(Servera and Cardo, 2007), taking a >P90 score as clinically
significant. The scale consists of 18 Likert-type items (to
be completed by parents and teachers), with a scale from 0
to 4 points, where 0 and 1 mean that the symptom never or
rarely manifests and 2 and 3 mean that they occur often and/
or very often. It is based on the DSM-IV ADHD diagnostic
criteria. In the inattention dimension, Cronbach’s alpha
coeflicients were 0.85 for family members and 0.91 for teachers
and in the hyperactivity/impulsivity dimension 0.90 for family
members and 0.93 for teachers.

Wechsler’s Intelligence Scale for Children, 4th
Edition (Wechsler, 2011)

This tool explores general intellectual ability. It is a cognitive
test for children between 6 and 16 years of age. The Spanish
version (Corral et al., 2005) was used to assess full scale IQ,
using 10 subtests (Similarities, Vocabulary, Comprehension,
Cubes, Concepts, Matrix Reasoning, Digit Span, Letter-Number
Sequencing, Coding, and Symbol Search) grouped into four
general indices [Verbal Comprehension Index (VCI), Perceptual
Reasoning Index, WM Index (WMI), and PS Index]. In
addition, it has five complementary subtests (Information,
Comprehension, Picture Concepts, Arithmetic, and Cancellation)
that can replace any of the mandatory tests if they cannot
be applied for any reason or enrich the exploration by providing

additional information. It also offers the GAI and CPI. The
GALI is a composite score, based on some of the verbal and
nonverbal subtests used to calculate the VCI and the Visual
Spatial Index (VSI). On the other hand, the CPI summarizes
the results of the WMI and the Processing Speed Index (PSI)
in a single score. It is applied individually, and its duration
is approximately 90 min.

Neuropsychological Assessment of Executive
Functions Battery for Children (ENFEN; Portellano
et al.,, 2009)

This battery of tests allows a global evaluation of EFs in children
between the ages of 6 and 12. Specifically, it analyzes aspects
such as vocabulary range, cognitive flexibility, graphomotor
and visuomotor coordination, WM, planning and sequencing
capacity, inhibition capacity, or resistance to interference. It is
applied individually, and its duration is approximately 20 min.
It is made up of four tests (fluency, paths, rings, and interference)
divided into six scales. Lastly, a total score for each task was
obtained, and raw scores were transformed into sten scores
(M =55, SD = 2).

Fluency task assesses participant’s ability to produce language
under time pressure, although it can be an indirect measurement
of verbal memory and WM. The child has 1 min to produce
as many words as possible from a category: in phonemic
fluency, the category was related to words starting by the letter
“M” and in semantic fluency “animals”

Trail Making Test assesses different aspects of EF: flexibility,
thinking strategies, inhibition, WM, and executive attention.
In the graytrail, the child had to draw a line linking numbers
from 20 to 1 that appeared randomly on a sheet of paper. In
the color version, the child has to link numbers from 1 to
21, but he/she has to switch among yellow and pink colors.

Inhibition task is derived from the Stroop test, and it is a
relatively pure measure of cognitive inhibition, although attention,
flexibility, and resistance to interference are also engaged in this
task. The child was presented with a sheet that showed three
columns with 13 words each. The words were the name of colors
(red, green, yellow, and blue) printed with random color inks
(red, green, yellow, and blue), with the color name and color ink
never matching. The child had to say the color ink of each word.

Procedure

An associative, comparative, and predictive study method was
designed (Ato et al, 2013). For this, a single evaluation was
carried out to subsequently determine the differences between
the groups analyzed. The sample was selected at various public
charter schools and specialized clinics in the municipalities of
Milaga and Alicante. First, permission was requested from
the management of the respective centers, and subsequently,
informed consent was obtained from the parents/legal guardians
of the participants who were informed that the data collected
would be anonymous and used exclusively for research purposes.
The clinical group, diagnosed with ADHD, was gathered from
the total sample detected and diagnosed at the collaborating
centers. The control group, i.e., student who did not have any
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difficulties regarding their neurodevelopment, was gathered
using convenience sampling. Furthermore, participants could
withdraw from participating in the study at any given time.
In addition, the ethical principles of the Declaration of Helsinki
were respected (World Medical Association, 2013). Finally,
approval was obtained from the Ethics Committee of the
University of Alicante, assigning it file number UA-2018-03-08.

The evaluations were carried out in the order of the following
sequence. First, the ADHD Rating Scale DSM-IV (RS) was
completed by parents/legal guardians and teachers, in a single
day, with an approximate duration of 10 min each. This battery
was used to determine the presence or absence of ADHD
symptoms in both the clinical and control samples. A positive
diagnosis was corroborated when subjects scored positively on
six or more items out of the nine established for each context
(family/school). On the other hand, the children were evaluated
with the WISC-IV and the ENFEN on two different days, with
a duration of 45-90 min approximately. The protocols defined
in each instrument were used, with the evaluation taking place
individually and in a place free of noise and endowed with privacy.

The groups were formed based on the scores on the ADHD
Rating Scale DSM-IV (RS) and the WISC-IV.

Data Analysis

The data were subjected to descriptive and inferential analyses.
The normality was explored by evaluating the skewness and
kurtosis of the data set, as well as by the Kolmogorov-Smirnov
test. After this, to analyze the differences in the scores between
the groups, Kruskal-Wallis analyses were carried out to assess
the existence of differences between all groups and the Mann-
Whitney U test to specify the differences in pairs. In addition,
Cohen’s d (1988) was used to measure the effect size, taking
into account the levels determined by Hojat and Xu (2004;
~0.20, small; ~0.50, medium, and ~0.80, large). The SPSS
program in its 26.0 version was used for statistical data processing.
A binary logistic regression model (forward stepwise) was
generated to determine the predictive capacity of the ENFEN
on the diagnosis of ADHD. As model fit measurements, the
Omnibus and Hosmer-Lemeshow parameters were calculated.

RESULTS

Table 1 shows the descriptive and normality statistics
(Kolmogorov-Smirnov) for the ENFEN test scores for each
group. As can be observed, the results showed that in most
of the cases, data sets were not distributed following the
normality criterion. Therefore, the differences between the
groups were determined using non-parametric contrast tests.

Table 2 shows the comparisons between the three groups
(Kruskal-Wallis) and by pairs (Mann-Whitney U). When the
differences between groups were significant, the Cohen d value
and the confidence interval (95%) were also evaluated. There
were no differences between the groups with ADHD, although
there were differences between the group without ADHD and
the two groups with ADHD in the phonological fluency, path,

rings, and interference tests. Results indicated large effect size
(Evans, 1996) in those cases where there were statistically
significant differences.

A binary logistic regression analysis was performed to
determine the diagnosis of ADHD using the ENFEN battery
(Table 3). The generated model includes all tests from the
ENFEN battery as significant predictors and explains 55% of
the variance as a whole (R* Nagelkerke = 0.55). This model
shows a good fit, correctly classifying 82.7% of cases, with
appropriate values from the omnibus test (y* = 99.60; p < 0.001)
and the Hosmer-Lemeshow test (y* = 13.41; p > 0.05). Beta
values show a negative value in the equation in the cases of
phonological fluency, color path, rings, and interference, as
well as positive values in semantic fluency and gray path.

Regarding the sensitivity and specificity of the different
ENFEN tests in their ability to diagnose ADHD, the semantic
fluency and gray path tests provide a poor diagnosis with an
area under the curve (AUC) of 0.52 and 0.59, respectively,
while the phonological test provided a mediocre diagnosis
(AUC = 0.71, sensitivity = 73.9%, and specificity 58.7%). The
remaining tests gave a good diagnosis but presented large
differences between sensitivity and specificity, specifically the
color (AUC = 0.81, sensitivity = 63.4%, and specificity 82.5%),
interference (AUC = 0.78, sensitivity = 63.4%, and specificity
74.6%), and ring tests (AUC = 0.76, sensitivity = 97%, and
specificity 39.5%).

DISCUSSION

The purpose of this study was to verify if the ENFEN test
allows to establish specific profiles of executive performance
for subjects with ADHD and thus to demonstrate if there are
differences in these profiles between anormotypic group and
two other groups of subjects with ADHD, one with a manifest
“cognitive step” and another in which the “cognitive step’
was nonexistent.

Following Lozano et al. (2015) and Reyes et al. (2014),
after analyzing the results of this study, we can affirm that
there are significant differences between the group with
normotypic development and the groups with ADHD in the
execution of the tasks that make up the ENFEN battery,
specifically in phonological fluency, color path, rings, and
interference. These data support the hypothesis that the ENFEN
battery possesses a good ability to discriminate profiles between
subjects who have symptoms associated with ADHD and those
who do not, whether the presentation of these symptoms are
severe or moderate, or the person shows a more or less
pronounced “cognitive step” (Fenollar et al., 2015; Navarro
et al,, 2019). Specifically, the cognitive pattern obtained in this
study using the ENFEN battery shows low scores in the
phonological fluency, color path, ring, and interference subtests,
a significantly lower response pattern compared with the control
group and in comparison with scores on the semantic fluency
and gray path subtests. In addition, of the three tests that
provide an overall good diagnosis of ADHD, the color path
test presents a greater AUC and specificity, while rings reflect
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TABLE 1 | Descriptive statistics and Kolmogorov-Smirnov test for the different ENFEN tests and by groups.

Mean Standard deviation Skewness Kurtosis Kolmogorov-Smirnov
ADHD (A) (n = 62) Phonological fluency 4.26 1.80 0.45 1.05 0.14*
Semantic fluency 5.58 2.09 -0.08 -0.24 0.13**
Gray path 5.13 2.79 0.18 -0.92 0.1
Color path 3.34 2.13 0.64 -0.47 0.16™*
Rings 4.19 1.29 0.29 -0.47 017
Interference 4.06 2.00 0.24 -0.52 0.12*
ADHD B) (n =72) Phonological fluency 4.36 2.21 0.32 -0.22 0.09
Semantic fluency 6.40 2.07 -0.24 —0.90 0.14*
Gray path 4.86 2.48 0.04 -0.82 0.13*
Color path 2.92 1.84 0.64 -0.56 0.18"*
Rings 4.10 1.29 -0.31 -0.23 0.7
Interference 3.71 1.67 -0.01 -0.78 0.15
Normotypic Phonological fluency 5.78 1.60 0.21 -0.80 0.15"**
development (n =63)  Semantic fluency 5.92 1.86 0.03 -0.42 0.13**
Gray path 5.68 1.42 0.14 —-1.17 0.17*
Color path 5.41 1.68 -0.05 —1.00 0.14*
Rings 5.75 1.78 -0.03 -0.90 017
Interference 5.90 1.77 0.24 -0.55 0.14**

(A) Without a cognitive step. (B) With a cognitive step. ADHD, attention-deficit hyperactivity disorder; ND, normotypic development. *p < 0.05. **p < 0.01. ***p < 0.001.

TABLE 2 | Differences between groups in the analyzed ENFEN tests.

Kruskal-Wallis ADHD (A) vs. ADHD (B)

ADHD (A) vs. NDG ADHD (B) vs. NDG

r4 Cohen’s d z Cohen’s d [95% CI] z Cohen’s d [95% CI]
[95% CI]

Phonological 2442 -0.25 - -4.61* —-0.89 [-1.26, —0.53] —3.95* —-0.73[-1.08, -0.38]
fluency
Semantic fluency 5.26 -2.23 - -0.80 - —1.46 -
Gray path 4.25 -0.41 - -1.48 - -2.01 -
Color path 50.03** -1.05 - -5.36"** —1.08 [-1.46, —=0.70] —6.71 —-1.41 [-1.79, —1.03]
Rings 33.93*** -0.10 - —4.86"* -1.01 [-1.37, —0.63] —5.22"** —1.07 [-1.43, —=0.71]
Interference 41,72 —0.90 - —4.83"* -0.97 [-1.35, —0.60] —6.20"* —1.28 [-1.65, —0.90]
(A) Without a cognitive step. (B) With a cognitive step. NDG, normotypic development group. ***p < 0.001.

TABLE 3 | Logistic regression analysis of ADHD diagnostic criteria regressed on
ENFEN factors predictors (forward stepwise).

Criterion Predictors B TE Wald Sig. Exp (B)

ADHD Phonological -0.33 0.15 5.06 0.024 0.72
fluency
Semantic fluency 0.56 0.14 15.17  0.000 1.75
Gray path 0.45 0.14 11.04  0.001 1.57
Color path -0.58 0.15 14.67  0.000 0.56
Rings -0.48 0.23 4.42 0.036 0.62
Interference -0.41 0.14 8.15 0.004 0.66
Constant 3.51 0.81 18,51 0.000  33.37

ADHD, attention-deficit hyperactivity disorder.

greater sensitivity. The explanation is that these last two subtests
present a lower demand on executive level, which favors subjects
with ADHD.

In the case of semantic fluency, classic studies note the
existence of different neural systems that are activated in
verbal fluency tasks in the face of phonological or semantic
instructions, associating the frontal lobe with the first type
(Coslett et al., 1991) and the temporary lobe with the second

type (Mummery et al., 1996; Baldo et al., 2006). However,
there are authors who point out that, although it is true that
semantic fluency tasks are sensitive to temporal lobe disorders,
both types of tasks - phonological and semantic - show
sensitivity regarding the detection of frontal dysfunctions, as
they are involved in both executive processes such as initiative,
organization, inhibition, and self-monitoring (Henry and
Crawford, 2004). As for the gray path task, it presents a
remarkable simplicity in comparison with its color version
due to the lack of introduction of an interference variable.
The requirements of this activity for children from 6 to
12 years old are minimal, with them usually completing the
task with great rapidness, therefore consuming less cognitive
resources than in color path, rings, or interference. In a similar
test to that of color path, Juneja et al. (2019) found that
compared with control groups with a normotypic development,
people with ADHD also obtained significantly lower
performance in its execution.

Other studies have also found relationships between EFs
and ADHD using different psychometric measurement scales.
The interference subtest that the ENFEN battery presents is
derived from its predecessor, the Stroop test (Golden, 2001).
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Using this test, Lopez-Villalobos et al. (2010) showed that
compared with a control group, the group with ADHD showed
significantly lower scores, demonstrating their difficulties in
flexibility and inhibitory control. In the same way, Pedreira
and Pefia (2011), using the Five Digits Test (Sedo, 2007),
obtained similar results. Ramos and Pérez (2017) conclude from
their investigations that subjects diagnosed with ADHD have
a higher frequency of errors in the execution of Go/No-Go
tasks. Frazier et al. (2004) analyze other tasks that require the
use of EFs such as the Rey Complex Figure Test (Rey, 2009),
the WCST (Heaton, 1981), or the Trail Making Test (Reitan
and Wolfson, 1992), concluding that a poorer performance is
observed in the case of subjects diagnosed with ADHD compared
with average controls (Gupta et al., 2009, 2011).

In line with the efficacy of the measurement of EFs for
the diagnosis of ADHD, other investigations (Mayes and Calhoun,
2006; Thaler et al., 2013; Fenollar et al., 2015; Navarro et al,
2017, 2019), which use a very solid psychometric battery such
as the WISC-IV (Wechsler, 2011), conclude that in the case
of the clinical population diagnosed with ADHD, their cognitive
pattern presents a significant step in the Cognitive Proficiency
Index (compared with the GAIL it is an index made up of
the scores obtained in Verbal Comprehension and Perceptual
Reasoning), an index derived from the global scores obtained
in WM and PS, subtests that are more demanding on an
executive level (Bustillo and Servera, 2015).

Finally, from the data obtained from the binary logistic
regression, it is determined that lower values in variables with
a negative sign (phonological fluency, color path, rings, and
interference) and higher values in those with a positive sign
(semantic fluency and gray path) can be considered as a
characteristic sign through which to configure a specific response
profile in relation to EFs in the assessment of ADHD.
We understand that this is due to the fact that the subtests,
in which subjects diagnosed with ADHD obtain higher scores,
are less demanding in EFs, which allows them to achieve scores
closer to those expected by subjects of the same age who are
not affected by this disorder.

Therefore, taking into account all these findings, we can
conclude that people diagnosed with ADHD present a
characteristic performance profile when executing tasks that
demand the proper functioning of the ES and its EFs, as is
the case of the ENFEN battery. This unique cognitive profile
common to the clinical group in relation to the control group
is something that has been under study for more than a decade
and presents empirical evidence with various psychometric
tools (Garcia et al., 2014).

The practical implication of these results is in line with
providing support in the clinical diagnosis that is carried out
in children’s mental health units. In addition, the ENFEN tool
can be valued as a suitable psychometric instrument in the
psychoeducational field, helping professionals in a school
environment to be more aware of the areas of cognitive
development in which a student diagnosed with ADHD will
have more difficulties, and in doing so, providing more adjusted
and effective psychopedagogical measures when it comes to
supporting students in their adaptation to the school environment.

Further Research Directions

For future research, it would be interesting to apply the ENFEN
battery at the same time as another instrument of similar
characteristics that also evaluate the development of EFs, in
order to carry out comparisons between the scores of both
tools and degree of correlation in the detection of deficiencies
associated with the diagnosis of ADHD. If positive relationships
are found between different tests and the ENFEN battery when
measuring EFs, this would support and strengthen the data
obtained in this study.
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